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Abstract

Background—In men undergoing definitive radiation for prostate cancer, it is unclear whether
early biochemical response can provide additional prognostic value beyond pre-treatment risk
stratification.

Methods—~Prostate cancer patients consecutively treated with definitive radiation at our
institution by a single provider from 1993-2006 and who had an EOR PSA (n=688, median
follow-up 11.2 years). We analyzed the association of an end-of-radiation (EOR) prostate-specific
antigen (PSA) level, obtained during the last week of radiation, with survival outcomes.
Multivariable-adjusted cox proportional hazards models were constructed to assess associations
between a detectable EOR PSA (defined as =0.1 ng mI~1) and biochemical failure-free survival
(BFFS), metastasis-free survival (MFS), prostate cancer-specific survival (PCSS), and overall
survival (OS). Kaplan-Meier survival curves were constructed, with stratification by EOR PSA.

Results—At the end of radiation, the PSA level was undetectable in 30% of patients. Men with a
detectable EOR PSA experienced inferior 10-year BFFS (49.7% vs. 64.4%, p<0.001), 10-year
MFS (84.8% vs. 92.0%, p=0.003), 10-year PCSS (94.3% vs. 98.2%, p=0.007), and 10-year OS
(75.8% vs. 82.5%, p=0.01), as compared to men with an undetectable EOR PSA. Among NCCN
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intermediate- and high-risk men who were treated with definitive radiation and androgen
deprivation therapy (ADT), a detectable EOR PSA was more strongly associated with PCSS than
initial NCCN risk level (EOR PSA: HR 5.89, 95% CI 2.37-14.65, p<0.001; NCCN risk level: HR
2.01, 95% CI 0.74-5.42, p=0.168). Main study limitations are retrospective study design and
associated biases.

Conclusions—EOR PSA was significantly associated with survival endpoints in men who
received treated with definitive radiation and ADT. Whether the EOR PSA can be used to
modulate treatment intensity merits further investigation.

Introduction

Accurate risk stratification of men with localized prostate cancer is paramount in selecting
optimal treatment intensity. As such, multiple risk stratification systems have been
developed using combinations of pre-treatment prognostic factors, most commonly initial
prostate-specific antigen (PSA) level, biopsy Gleason score, and clinical stage.1~> Despite
these tools, reliable identification of patients at risk for failure has remained elusive, as
evidenced by heterogeneous outcomes seen within risk groupings, highlighting the
limitations of available pre-treatment prognostic factors.b In patients treated with
neoadjuvant androgen deprivation therapy (ADT), emerging literature suggests that the
biochemical response to neoadjuvant ADT may provide dynamic prognostic value beyond
initial risk grouping and help identify men with disease that is more biologically aggressive
than suggested by standard pre-treatment variables.”18 In these men, PSA response to
neoadjuvant ADT may offer an earlier time point at which to consider modification of the
treatment regimen.

Similarly, in men undergoing definitive radiation for localized prostate cancer, assessment of
the biochemical response at the completion of radiation may serve as a helpful biomarker
but has not been previously analyzed. Indeed, an end-of-radiation (EOR) PSA level may be a
more useful biomarker for guiding adjuvant treatment strategies than assessment of
biochemical response prior to radiation and may also be applicable to men undergoing
definitive radiation alone. At our institution, it has been the standard practice of one provider
to obtain an end-of-radiation (EOR) PSA during the last week of treatment in men with
localized prostate cancer undergoing definitive radiation. Herein, we examine the prognostic
value of the EOR PSA in a cohort of prostate cancer patients with long-term follow-up after
being treated at our institution with definitive radiation.

Materials and Methods

Study population

The study was approved by the institutional review board of Johns Hopkins Hospital
(Baltimore, MD). We reviewed a prospectively acquired database of 936 patients with
clinically localized prostate cancer who were consecutively treated with definitive radiation
between January 1, 1993 and December 31, 2006 by a single provider (T.L. DeWeese).
Biopsies which were performed at an outside hospital were reviewed by the genitourinary
pathologists at our institution before treatment. Patients without complete clinical or
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pathologic information were excluded (n=18), as were patients with less than 24 months of
follow-up (n=30). Patients who did not have an EOR PSA drawn were also excluded
(n=200). Notably men lacking an EOR PSA did not differ from men with an EOR PSA with
respect to age, race, initial PSA level, clinical stage, Gleason score, or National
Comprehensive Care Network (NCCN) risk level (data not shown, all p>0.05). The final
study population comprised 688 men with clinically localized disease.

Patients were treated with definitive radiation using either three-dimensional conformal
radiation therapy (3D-CRT, 79%) or intensity modulated radiation therapy (IMRT, 21%),
with the latter technique increasingly utilized at the end of the study period. For NCCN low-
and intermediate-risk patients, treatment fields generally included the prostate and seminal
vesicles, with a boost to the prostate. For NCCN high-risk men, treatment generally
consisted of an initial whole pelvis field, which included the prostate, seminal vesicle, and
pelvic lymph nodes, followed by a boost field to the prostate. Seminal vesicles were also
included in the boost field if there was high suspicion of involvement based on clinical
exam. The prescription dose for the initial field was 45-46 Gy, delivered in 1.8-2 Gy
fractions. The prescription dose for the boost field varied over the study period, with higher
doses administered in more recent years. Median total dose for the cohort was 70.2 Gy
(range: 64.8-75.6 Gy). When administered, neoadjuvant ADT was initiated two months
prior to the radiation start date and consisted of a luteinizing hormone-releasing hormone
(LHRH) agonist and an oral antiandrogen. Duration of LHRH agonist administration was
dictated by disease characteristics. Complete information regarding the duration of oral
antiandrogen use was unavailable.

Following treatment, patients underwent routine follow-up with serial PSA measurements
and digital rectal exam, generally at six month intervals. Frequency of PSA measurements
and digital rectal exams was altered based on the PSA trend and clinical symptoms.
Similarly, clinical imaging was obtained in the setting of concerning PSA trends or clinical
symptoms. Salvage ADT was administered based on the discretion of the treating provider,
but was generally influenced by PSA doubling time, co-morbidity, and life expectancy. No
patients received salvage local therapy, except for one patient who underwent salvage
prostatectomy at an outside institution.

Statistical Analysis

The primary endpoint of our study was prostate cancer-specific survival (PCSS). Prostate
cancer-specific death was recorded if patient had a documented history of hormone-
refractory metastatic prostate cancer, evidence of a rising PSA at last follow-up visit, and no
other obvious cause of death. Additionally, the National Death Index (NDI) was cross-
referenced to confirm cause of death. Secondary endpoints included biochemical failure-free
survival (BFFS), metastasis-free survival (MFS), and overall survival (OS). Biochemical
failure, defined as nadir PSA plus 2.0 ng mI~1, was based on the Radiation Therapy
Oncology Group — American Society for Therapeutic Radiation Oncology Phoenix
Consensus Conference definition.1® For the purpose of calculating BFFS, patients without
biochemical failure were censored at time of last PSA measurement. Metastasis was defined

Prostate Cancer Prostatic Dis. Author manuscript; available in PMC 2017 July 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Narang et al.

Results

Page 4

by a radiographic abnormality on bone scan and/or computed tomography, with biopsy
performed as needed for confirmation. Failure points were measured from the last day of
radiation.

Differences in patient and treatment characteristics were compared between men with a
detectable EOR PSA (defined as =0.1 ng mI~1 and measured during the last week of the
radiation schedule) and men with an undetectable EOR PSA using the XZ test. A PSA
threshold of 0.1 ng mI~1 was selected based on the minimum PSA that was detectable by the
assay in use at our institution during the study period. Thresholds for dichotomous variables
were defined in accordance with the literature. Univariate and multivariable-adjusted hazard
ratios were calculated using a Cox proportional hazards model to associations between the
EOR PSA and BFFS, MFS, PCSS, and OS. Covariates in the multivariable model were
based on significance in univariate analysis and included age, race, initial PSA level, clinical
stage, Gleason score, perineural invasion (PNI), radiation dose, use of IMRT, and
administration of ADT (data not shown). Kaplan-Meier survival curves were also
constructed for all survival endpoints, with stratification by EOR PSA and comparison using
the log-rank test.

All analyses were performed with Stata software (Stata/IC10.0). Two-sided significance
testing was used, and a P-value of 0.05 was considered statistically significant.

Of the 688 men in our cohort treated with definitive radiation, 368 patients (41%) died
during the study period, including 74 patients (8%) who died of prostate cancer. Median
follow-up was 11.2 years (range: 2.0-20.6 years) for all patients, and 12.1 years (range: 2.0
20.6 years) for surviving patients.

Demographic, tumor, and treatment characteristics are outlined in Table 1. By the end of
radiation, an undetectable PSA was achieved by 30% of patients, including 12% of NCCN
low-risk patients, 39% of NCCN intermediate-risk patients, and 41% of NCCN high-risk
patients. Men with a detectable EOR PSA were more likely to have had NCCN low-risk
disease, including a lower Gleason score and less advanced T-stage, and less likely to have
had PNI on biopsy (all p<0.001). Men with a detectable EOR PSA also received a lower
median radiation dose, were less likely to have received IMRT, and were less likely to have
received neoadjuvant-concurrent ADT (all p<0.001).

Univariate and multivariable-adjusted associations between EOR PSA and survival
endpoints are summarized in Table 2 and Table 3 respectively. Hazard ratios for the
associations between all covariates included in the multivariable model and survival
endpoints are also summarized (Supplementary eTable 1). A detectable EOR PSA was
independently associated with significantly inferior BFFS (p<0.001), MFS (p<0.001), PCSS
(p<0.001), and OS (p=0.004). Figure 1 displays Kaplan-Meier survival estimates, stratified
by EOR PSA level. Men with a detectable EOR PSA experienced inferior 10-year BFFS
(49.7% vs. 64.4%, p<0.001), 10-year MFS (84.8% vs. 92.0%, p=0.003), 10-year PCSS
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(94.3% vs. 98.2%, p=0.007), and 10-year OS (75.8% vs. 82.5%, p=0.01), as compared to
men with an undetectable EOR PSA.

Given that EOR PSA was significantly influenced by the use of neoadjuvant-concurrent
ADT, which was primarily dictated by NCCN risk level, we performed a subset analysis to
explore associations between EOR PSA and survival endpoints within NCCN risk groups,
restricting the analysis to men who received ADT in accordance with modern standards.
Notably, among NCCN low-risk men who received radiation alone (n=204), only 2%
achieved an undetectable EOR PSA, precluding analysis in this subset. We did analyze
whether higher EOR PSA thresholds offered prognostic utility in this subset, but results
were not significant (data not shown). Similarly, among NCCN intermediate-risk patients
who received neoadjuvant-concurrent ADT (N=168), a detectable EOR PSA was not
associated with BFFS, MFS, PCSS, or OS, which may again reflect too few events in this
subset. However, in NCCN high-risk men who received neoadjuvant-concurrent and long-
term adjuvant ADT (n=188), a detectable EOR PSA was significantly associated with
inferior BFFS (HR 3.82, 95% CI: 1.80-8.09, p<0.001), MFS (HR 5.20, 95% Cl: 2.06-13.10,
p<0.001), PCSS (HR 9.88, 95% ClI: 2.84-34.44, p<0.001), and OS (HR 2.69, 95% CI: 1.51—
4.83, p=0.001). Furthermore, when NCCN intermediate- and high-risk men who received
neoadjuvant-concurrent ADT were analyzed together, a detectable EOR PSA was more
strongly associated with survival outcomes than initial NCCN risk level, as illustrated in
Table 4. Figure 2 displays Kaplan-Meier survival endpoints stratified by EOR PSA in NCCN
intermediate- or high-risk men who received neoadjuvant-concurrent ADT; men with a
detectable EOR PSA experienced inferior 10-year BFFS (43.5% vs. 59.1%, p<0.001), 10-
year MFS (74.3% vs. 88.4%, p<0.001), 10-year PCSS (87.2% vs. 96.8%, p=0.002), and 10-
year OS (66.2% vs. 78.4%, p<0.001), as compared to men with an undetectable EOR PSA.

Covariates included in the multivariable model were based on significance in univariate
analysis, but the inclusion of too many covariates risks overfitting.20 As such, we repeated
the analysis, reducing the number of covariates to one per ten prostate cancer deaths by
eliminating from the model the least significant covariates of age, race, and radiation
technique, with similar results (Supplementary eTables 2 & 3).

Discussion

In a large cohort of men who underwent definitive radiation at our institution for localized
prostate cancer, an EOR PSA level, measured during the last week of radiation therapy, was
significantly associated with BFFS, MFS, PCSS, and OS; moreover, these associations
persisted after controlling for standard pre-treatment prognostic factors. Notably, in the
subset of men with NCCN intermediate- or high-risk disease who underwent neoadjuvant-
concurrent ADT, achievement of an undetectable PSA level was more strongly associated
with survival outcomes than initial NCCN risk grouping. Whether the EOR PSA can be used
to dictate treatment intensification in NCCN intermediate- and high-risk men undergoing
neoadjuvant-concurrent ADT merits further investigation. In contrast, the utility of the EOR
PSA was less pronounced in men with NCCN low-risk disease who were treated with
definitive radiation alone. As only 2% of NCCN low-risk patients treated with definitive
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radiation alone achieved an undetectable PSA, the last week of radiation likely represents
too early of a time point to yield useful information in the NCCN low-risk population.

Currently, the duration of androgen suppression for men with localized prostate cancer
undergoing definitive radiation is dictated by pre-treatment tumor characteristics, with
salvage therapy generally based on the follow-up PSA trend. While PSA failure serves as an
excellent surrogate for risk of eventual metastasis and death from prostate cancer, current
definitions of PSA failure often require considerable time to elapse before the criteria for
failure have been satisfied, during which the window of opportunity for effective escalation
of therapy may have passed.1? In other disease sites, treatment modulation based on mid-
treatment response assessment has allowed for individualization of therapy earlier in the
treatment course.?! Whether such a paradigm can be applied to prostate cancer through
earlier PSA response assessment is unclear. To date, several studies have shown prognostic
value in the PSA response to neoadjuvant ADT, which may serve as a helpful surrogate for
tumor biology.”~18:22 Indeed, a detectable PSA level after neoadjuvant ADT may reflect
persistent androgen signaling, which may undermine radio-sensitization from concurrent
ADT. These studies have led some authors to postulate the use of newer agents that target
androgen signaling through alternate pathways in men with persistently elevated PSA levels
after neoadjuvant ADT.1/

Less understood, however, is the prognostic value of an EOR PSA level drawn during the
last week of radiation therapy. An EOR PSA may offer more optimal timing beyond the pre-
radiation post-ADT PSA level, with potential implications on the dose of radiation
administered and selection of adjuvant therapy. Recently, a preclinical and clinical study
suggested that radiation can durably upregulate the androgen receptor (AR) pathway,
providing a potential explanation for the benefit of adjuvant ADT, and the EOR PSA
biomarker allows for integration of this radiation-AR axis, not allowed by the pre-radiation
post-ADT PSA.23 While two prior studies have shown prognostic value to the first follow-up
PSA after completion of radiation, 2425 this study to our knowledge represents the first
analysis of PSA levels drawn at EOR.

In light of our findings, the EOR PSA may be a useful tool for developing clinical trials that
explore the incorporation into the non-metastatic setting of newer agents that have proven
successful in the metastatic setting.2% 27 For example, integrating these agents into the
adjuvant management of men with a detectable EOR PSA after definitive radiation with
neoadjuvant-concurrent ADT may be worthy of investigation. Use of the EOR PSA may be
particularly useful in men with higher risk disease.28 Dose-escalation, perhaps with a
brachytherapy boost, many offer another method for treatment intensification in these
patients.29

A number of study limitations must be acknowledged. Foremost, the retrospective study
design risks unaccounted biases in patient selection. The wide study interval, for example,
may have introduced biases associated with the evolution of treatment techniques and
technologies over time. However, we tried to account for such biases in our multivariable
model by including those treatment variables that may have changed over time, namely
radiation dose and planning technique. Of note, the wide study interval also led to a high
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proportion of patients with advanced clinical stage, which is less representative of the
modern presentation of patients. However, the study interval allowed for excellent long-term
follow-up, which is critical when analyzing long-term endpoints such as PCSS. That all
patients were treated by a single provider likely reduced variation in practice patterns, but it
also limits the generalizability of results. As such, external validation of EOR PSA in a
definitive radiation cohort should be pursued. Lastly, the median radiation dose was 70.2 Gy,
which is less than contemporary doses of >75 Gy. Nevertheless, while dose-escalated
radiotherapy has improved biochemical control, it has yet to be associated with
improvements in more relevant clinical endpoints such as PCSS.39

Conclusions

In conclusion, a detectable EOR PSA after definitive radiation for localized prostate cancer
is associated with poor survival outcomes. The prognostic value of the EOR PSA likely
applies to NCCN intermediate- and high-risk men undergoing definitive radiation and
neoadjuvant-concurrent ADT, with less clear prognostic value in NCCN low-risk men
undergoing definitive radiation. Further validation of the EOR PSA should be pursued, as
should investigation into the potential use of the EOR PSA for dictating optimal treatment
intensity in men with localized prostate cancer.

Supplementary Material
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Figurel.
Survival outcomes for cohort stratified by end-of-radiation (EOR) prostate-specific antigen

(PSA) level, including (a) biochemical failure-free survival, (b) metastasis-free survival, (c)
prostate cancer-specific survival, and (d) overall survival. Red curves represent men with a
detectable EOR PSA. Blue curves represent men with an undetectable EOR PSA.
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Figure2.
Survival outcomes for NCCN intermediate- and high-risk men treated with neoadjuvant-

concurrent androgen deprivation therapy (ADT) and neoadjuvant-concurrent and long-term
ADT respectively, stratified by end-of-radiation (EOR) prostate-specific antigen (PSA) level,
including (a) biochemical failure-free survival, (b) metastasis-free survival, (c) prostate
cancer-specific survival, and (d) overall survival. Red curves represent men with a detectable
EOR PSA. Blue curves represent men with an undetectable EOR PSA.
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Table 1

Demographic, disease, and treatment characteristics

None 7() 287 (60)
Neoadjuvant and concurrent only 117 (57) 101 (21)
Neoadjuvant, concurrent, and adjuvant 82 (40) 94 (19)

Characteristic Undetectable EOR Detectable EOR P-value
PSA (N=206) PSA (N=482)
Median age (range), yrs | 68 (50-80) | 69 (49-82) | 0.07
Africa-American race, n (%) | 40 (19) | 126 (26) | 0.06
Initial PSA, ng mL™1 0.25
<10, n (%) 128 (62) 318 (66)
10-20, n (%) 54 (26) 99 (21)
>20, n (%) 24 (12) 65 (13)
Gleason score <0.001
3+3 84 (41) 289 (60)
3+4 64 (31) 80 (17)
4+3 17 (8) 38 (8)
4+4 22 (11) 30 (6)
4+5 14 (7) 18 (4)
5+4 5(2) 8(2)
5+5 0(0) 3(1)
T-stage, % 0.001
T1 81 (39) 229 (48)
T2 83 (40) 205 (43)
T3/T4 42 (20) 48 (10)
NCCN risk level <0.001
Low 28 (14) 214 (44)
Intermediate 91 (44) 144 (30)
High 87 (42) 124 (26)
Perineural invasion on biopsy | 64 (31) | 71 (15) | <0.001
Median radiation dose (range), cGy | 7380 (6840 — 7560) | 7200 (6480 — 7560) | <0.001
Intensity modulated radiation therapy | 74 (36) | 107 (22) | <0.001
Androgen deprivation therapy <0.001

Abbreviations: National Comprehensive Care Network (NCCN); prostate-specific antigen (PSA)
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Page 13

Univariate associations between EOR PSA and survival endpoints for entire cohort and within NCCN risk

groupings
Hazard ratio (95% confidenceinterval) | P-value

Entire cohort
Biochemical failure-free survival

EOR PSA 0.1 ng mI~1 vs. <0.1 ng mI~1 2.69 (1.77 - 4.08) <0.001
Metastasis failure-free survival

EOR PSA =0.1 ng ml~1 vs. <0.1 ng ml~1 2.62 (1.36 — 5.04) 0.004
Prostate cancer-specific survival

EOR PSA 0.1 ng ml~! vs. <0.1 ng mI~* 3.08 (1.33-7.10) 0.008
Overall survival

EOR PSA 0.1 ng ml~1 vs. <0.1 ng mI~* 1.52 (1.14 -2.03) 0.004
Low risk
Biochemical failure-free survival

EOR PSA 1.0 ng ml~! vs. <1.0 ng mI~* 6.86 (0.93 - 50.83) 0.06
Metastasis failure-free survival

EOR PSA >1.0 ng ml~* vs. <1.0 ng mI~! 2.04 (0.26 — 16.20) 0.50
Prostate cancer-specific survival

EOR PSA =1.0 ng ml~1 vs. <1.0 ng mI~1 *Not enough events
Overall survival

EOR PSA =1.0 ng mI™* vs. <1.0 ng ml™% 1.17 (0.53 - 2.58) 0.69
Intermediaterisk
Biochemical failure-free survival

EOR PSA 0.1 ng mI~1 vs. <0.1 ng mI~1 1.98 (0.95-4.12) 0.07
Metastasis failure-free survival

EOR PSA 0.1 ng mI™* vs. <0.1 ng ml™* 3.65 (0.76 — 17.59) 0.11
Prostate cancer-specific survival

EOR PSA 0.1 ng ml~! vs. <0.1 ng mI~* 4.98 (0.59 - 41.78) 0.14
Overall survival

EOR PSA 0.1 ng ml~* vs. <0.1 ng mI~* 0.74 (0.44 - 1.25) 0.26

High risk

Biochemical failure-free survival
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| Hazard ratio (95% confidence interval) |

P-value

EOR PSA =0.1 ng ml~1 vs. <0.1 ng ml~1

4.21 (2.20 - 8.09)

<0.001

Metastasis failure-free survival

EOR PSA 0.1 ng ml~! vs. <0.1 ng mI~*

4.04 (1.82 - 8.94)

0.001

Prostate cancer-specific survival

EOR PSA =0.1 ng ml~1 vs. <0.1 ng ml~%

4.15 (1.56 — 11.08)

0.004

Overall survival

EOR PSA =0.1 ng mI~1 vs. <0.1 ng mI~%

2.69 (1.58 — 4.60)

<0.001

Abbreviations: National Comprehensive Care Network (NCCN); end-of-radiation (EORY); prostate-specific antigen (PSA)
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Table 3

Page 15

Multivariable-adjusted associations between EOR PSA and survival endpoints for entire cohort and within

NCCN risk groupings

Hazard ratio (95% confidenceinterval) | P-value

Entire cohort
Biochemical failure-free survival

EOR PSA 0.1 ng mI~1 vs. <0.1 ng mI~1 3.56 (2.24 - 5.65) <0.001
Metastasis failure-free survival

EOR PSA =0.1 ng ml~1 vs. <0.1 ng ml~1 5.32 (2.58 - 10.97) <0.001
Prostate cancer-specific survival

EOR PSA =0.1 ng ml~1 vs. <0.1 ng ml~1 6.02 (2.44 - 14.84) <0.001
Overall survival

EOR PSA 0.1 ng ml~1 vs. <0.1 ng mI~* 1.67 (1.18 - 2.35) 0.004
Low risk
Biochemical failure-free survival

EOR PSA 1.0 ng ml~! vs. <1.0 ng mI~* 8.02 (1.06 - 60.73) 0.04
Metastasis failure-free survival

EOR PSA >1.0 ng ml~* vs. <1.0 ng mI~! 3.19 (0.37 - 27.28) 0.29
Prostate cancer-specific survival

EOR PSA =1.0 ng mlI~1 vs. <1.0 ng ml~1 *Not enough failure events
Overall survival

EOR PSA =1.0 ng mI™* vs. <1.0 ng ml™% 1.10 (0.05 - 2.43) 0.81
Intermediaterisk
Biochemical failure-free survival

EOR PSA 0.1 ng mI~1 vs. <0.1 ng mI~1 1.77 (0.82 — 3.80) 0.15
Metastasis failure-free survival

EOR PSA 0.1 ng mI™* vs. <0.1 ng ml™* 6.36 (0.98 — 39.59) 0.06
Prostate cancer-specific survival

EOR PSA 0.1 ng ml~! vs. <0.1 ng mI~* 6.49 (0.74 - 56.73) 0.09
Overall survival

EOR PSA 0.1 ng ml~* vs. <0.1 ng mI~* 0.87 (0.51 — 1.46) 0.59

High risk

Biochemical failure-free survival
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| Hazard ratio (95% confidence interval) |

P-value

EOR PSA =0.1 ng ml~1 vs. <0.1 ng ml~1 |

3.69 (1.79 - 7.60)

<0.001

Metastasis failure-free survival

EOR PSA 0.1 ng ml~! vs. <0.1 ng mI~*

5.76 (2.31 — 14.39)

<0.001

Prostate cancer-specific survival

EOR PSA =0.1 ng ml~1 vs. <0.1 ng ml~%

8.99 (2.74 - 29.50)

<0.001

Overall survival

EOR PSA =0.1 ng mI~1 vs. <0.1 ng mI~%

2.60 (1.46 — 4.64)

0.001

Abbreviations: National Comprehensive Care Network (NCCN); end-of-radiation (EORY); prostate-specific antigen (PSA)

Page 16

Multivariable model adjusted for age, race, initial PSA, Gleason score, T-stage, perineural invasion on biopsy, radiation dose, use of intensity
modulated radiation, and duration of androgen deprivation therapy
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Table 4

Multivariable-adjusted associations between EOR PSA, initial NCCN risk grouping, and survival endpoints in
NCCN intermediate-risk and high-risk patients undergoing neoadjuvant-concurrent androgen deprivation
therapy

Hazard ratio (95% confidenceinterval) | P-value

Biochemical failure-free survival
EOR PSA =0.1 ng mlI~1 vs. <0.1 ng ml~% 3.25 (2.00 - 5.28) <0.001
NCCN risk group 1.46 (0.84 — 2.55) 0.18

Metastasis failure-free survival
EOR PSA =0.1 ng ml~1 vs. <0.1 ng ml~1 4.56 (2.20 - 9.45) <0.001
NCCN risk group 2.40 (1.00 - 5.78) 0.05

Prostate cancer-specific survival

EOR PSA 0.1 ng mI~1 vs. <0.1 ng mI~1 5.89 (2.37 — 14.65) <0.001

NCCN risk group 2.01(0.74 -5.42) 0.17
Overall survival

EOR PSA 0.1 ng ml~* vs. <0.1 ng mI~* 1.60 (1.10 - 2.31) 0.01

NCCN risk group 0.88 (0.56 — 1.39) 0.59

Abbreviations: National Comprehensive Care Network (NCCN); end-of-radiation (EOR); prostate-specific antigen (PSA)

Multivariable model adjusted for age, race, perineural invasion on biopsy, radiation dose, use of intensity modulated radiation, and duration of
androgen deprivation therapy
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